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1.1 s TGt

2H R H SR AR R TG BR A 35 IS 5 - A AR
A, ATLME Y I L, B R o,
H3K27acs&— ) Z WS E 1 S B iE . 78
ZGAR RS, RN R R ) &
S 8 7T AEH3K 2 7actB M. 72/, ZGART A
M CBARE DT T = R 2 R A, R (germ-
inal vesicle, GV)UN-HEAIMEAT S CBEAL B FEHE A8 hMIT
I BRI WAk, BEISTES FrhEHE A NS L
Befk. 7EGVINRHARMAIG T rh, H3K27ac2BlihAEL
gy Koz B2 5w, M
H3K4me3 /i &, Jf5 9465 Al KMk ARG,
H3K27ace 240 i 31 9l T 24 i A 20 L 1y 4 A A 5 )
1). FEAZE, H3K27actE 240 i A2 i b 2 80 4 250
FYFEL M AR, JT7ES A M I B e S 22 LY 53 A
U e RS T, A RSB R A
AR, ERIA I ATz s, 2 R/ R
BRGNS AR B A ORI A 20 B s BE AR L. File
MRS HE Y, SERTRYZS AT RESZ 2] 1 A0 MR I =5
Qe FTiTs g, K1 b g B S OUA fr it — DA
e SR IE, AQURIEIN 4 B4 B S I D, X
AT g5 frok 2 1 - 8 1 sty Y,

BESfar, XA H O R B (histone  acetyl-
transferase, HAT) P300mi2H 8 H Z B A& B s BCcE
(reader) BRDAFEATAL M, BUHARHABLH & 1 Lt
¥4 ffep300b. crebbpafilcrebbpbis 2 T EH & Fi% 5t
TIMZGABRE"". KP300 N THRSERIZGARE I 1Y
Ja s PR b, AR TC R sk R B LT B
WHZGAFEFFKY. LB R (2 Bk
ZGAMW R SEBOG RS eI, FE/ N B A
CBP/P3002FEUNE. ZGA BRIA. G iinT Kotk 4R
R0 M A BRI IR AR 2 2 AL
(histone deacetylase, HDAC)i& Mt 23 UL & 157 Al
Lo F R R S Fas Y. AR R, T R
FRNZENS — R F R (NAD ) 22 BR41ER 11 Z B AL /N Rk 2
ZGATE B I i a2 FRnid, 48 A i LB
RN ZGATR A 2L,

bR CRALAE R AL, 2 A ol R R Bl g Ak H
U FPBALE . Horh, B BB 18 W A& LR AE TS
R S FAIG R T b, AT RIS AR ZG A ]
0 S B P3004 5, I R A HAT A
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o Wk A B (histone  crotonyltransferase, HCT){ 4.
TE/N R AP R p 300 3 8 B2 S BE AL 7K 7T B AR iR 8 411
JEIHREA . 7EP300 M BRIEAG Hh AN E R HATIE PEH AR
FHCTIGPERIP300 5 AR (AW P & 2 G ALK, 24
50%J I RES W) & B B2
H3K4me3il 7 1E R i BRA 3l 7 I 4L & g ds
e, AL B 0 B P TR LAY, i
W ATEZGA KR L 2 BB /B H3K 4me3™. 7EHED
1PN H3K4me3 1EZGAZ Rk O 2 7 7E.
E/NER KRB 2R RE R IR EEA AL, H3K4me3 AR
25 ML) e T2 2 (non-canonical  H3K4me3)F7E T a8l
FRIF L am i iE e X JE 2 M H3K 4me3 T 25 (14
T X IR 43 I T8 0 R BE IX J(partially  methy-
lated domains, PMDs)™". 3 et i 363k 2H 4 11 25 B Ak
fitt K DMSB &Y i b H FE 4 AL BiF KM T2 B LA 52 FR H3K 4me3
2 SEUFAR TR B B DN 0 M FORT G 5 o, 2k
J5 IR 2 7 BEL A AE 1 ~4 40 012 sk e 8 B OR
H3K4me3 1] BEFE /] FRUIH-HE 20 At 1% 35 PR 2 DT Bk b & 453
2L ML RE. H3K4me37E 24 L B2 W e Sy 25 L) g A A
2 SRS H MR TZGA, th T3 55 R4
T 2 L EFKDMSA/SBH ZGASE 4™ Bt
Kdm5al5b%: SRR ZGAFER F X F MBI LT
B, $RH3K 4me3 AR AT REXT /N UV &
BAEEYEE. SR, AR ARG A
L MH3K4me3. {XAEAANILIY, & & CGRYYL T ik
IX B2 46 % I H3 K 4me3 550 %) Bk, dEz
H3K4me3 M HAREAF AR () Dy ReA Fpitt— 2L oe.

1.2 kgL iz in

DNAH JEALTERE 4] . FEFEDIE . XY fafhk
T LA K 8 ST A 1 00 ) 25 o R v R R R T AR
FAROL e/ NS T, DNAH S0 KE24480%, AHXT
PIo b se TR F N . A, RV INER B4 i
Hp 52 B R 2 v U ) ) FR AR, L Ak
DCIRAE e X, SR AR E DN A B 564,
it — A T I RE R B B B R A sy B P B, 7
JNERHR, SR R Rl R i DN A R RS DNMT3 A
FIDNMT3LA 1.

ENBRAAZEIRAG T, & 732K 5 B & A AR
B4 JRDNAZE R (8 1), 3% — it PR RS B4 IR EL,
TEBE R R 4320%~40% 14 CpG Az 5 A B e iR A% 1Y
F AR, i e {5 B g B R A Y Cp Gy A AL 3 BT
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B 1 /DNRZGARTE MR MIER 5 E i TEZGAWIR], GHANHE S R B A Sy IR B (R e AR, S2 K5 S5, BRIRAIACIRURE BRI 20 R 4 A=k
B4R LIPS, ACURSERRI A R KT R RRIZ. BRRRE R 2 9 4F 22 Mt H3K 4me3 FTH3K 2 7me3 (B A 3 AR ITH3K 2 7Tme3 41 )2 Hh B B: 41
Ak AT, ACTRHE P L (488 (e 52K 5 IR A - FE BT vy, H3K4me3FH3K2 7acTr2 Al MUK ZGA T ARy e iz, dE2 it
FH3K9me3 FIH3K27me3— ELIR B BIZENRRT B, 7EM 11 BRERANAE T, Yo B2 SUMAL i A0 i o» 2L b 25, SZTAD. TERS b, dEBihH
et 5T = LRSS AR DR AR, 2RSS, YT i SR R A i AR 3t FFAEARL AT 7 2ol 8 o i A

Figure 1 Reprogramming of the Epigenetic Landscape Before and After Mouse ZGA. During ZGA, the transcriptome shifts from maternally inherited
transcripts to those transcribed from the embryonic genome. After fertilization, large-scale global DNA demethylation occurs on both the maternal and
paternal genomes, with a more pronounced decrease on the paternal genome. Non-canonical H3K4me3 and H3K27me3 (excluding H3K27me3 at
promoters) on the maternal genome are inherited from oocytes, whereas histone modifications on the paternal genome are often erased and re-
established after fertilization. H3K4me3 and H3K27ac are reprogrammed to canonical patterns at the 2-cell stage in a ZGA-dependent manner. Non-
canonical H3K9me3 and H3K27me3 persist until the blastocyst stage. In MII oocytes, chromatin exhibits typical metaphase structure and lacks TAD.
The states of histone modifications and three-dimensional chromatin structure in sperm remain controversial. Post-fertilization, the chromatin
organization becomes highly relaxed and is gradually restored during pre-implantation development
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1 IX (imprinting  control region, ICR)FIF-LEH &+
5. A 42 RIDNA 2 R4 2 Esh A shpL ikl
HFERMEE R, —hm, BEEHSTELLAM
NLRP14¥ 43 DNA H ZEALEFDNMT 1 X H A B A -+
UHRF 8iE 7RIS b, 3kt G A%, (A5 56 R 21 O
{EARiCHE%E DNARYE FZWim R B—Jri, +FIE
FEETET3 E RN A K DNAF k. fEHk=
STELLAFYBIEEIEL T, DNMT1/UHRF1 & AE S A%
B 500 F A N AUK R EDNAF 34k, S8R
A T I s 32 P50 7R REENLRP 145612k (152 K
B SEDNMT 1 /UHRF 1 B9 S A% e A, BEPR2H 2=
FREAL TC TR TE e . BEJENLRP 14525 (14952 K5 G
BRI ZEFMFIRET, $ERNLRPI4EA I T
DNA H A i HoAh Dy BE.

R SE P L 75 5248 i 2 PRI A& A 4 Ry 25 W 3k
(IR, DRI ST T S AR, /NG D24l
M RIATRLR, AEOCAR X IR & A DNMT3 AMKH Y M Sk
B BEA. 5 DA Sk BT BEAR Y sk 25 S B A S D 3ot
WIS 5 A B 0 R A~ AR L
AT P DNMT3 AR 1 Sk H IR AL, s SE H L
A i) T B N7 ARG JRE TR b, o] R A
PSR gl Fa AT 6. 22 ERTR, KEAIDNA
H AL B AN TZGA KA MR & B IR T2
KT,

H3K27me3 FIH2AK 119ubt& 3 5l i Z i & & 1k2
(polycomb repressive complex 2, PRC2)FIZ#ik 5141
(PRC AL AN PE L 2 B 1, BT IE s 3L N 3%
sy FEFELENE . XY ARG FYL (o S S5 44 7 T &
PFEVERY. AE/NR, SRS G Hox ™ & 3 3L X
BT EAH3K2 7Tme3 BRI (1), SR, BRI
K2 I i s H3K 2 Tme 3R B R/, REAS TR 45
Xist?E N BY/DBOED, R AC PR A BE R 263k, MM SE
BURH T DNAF AL iy AR 2o ik e 52
HIR, H2AK119ubfEHEAN/NRAE B B RLAFET
REREBEST LR IRIE%E RS, H3K27me3Fl
H2AK119ubl Ak, £ AL B AR CHE R )
BEI T PRC2CHEZH S EEDFIEZH2 (1 BEJE Gkt
2 SN A A BTG TP H3K 2 7me3 BT A9 Sl 2 FIAH
o7 B 3 PR () R L PR e 3k S BB BE PR 11 5 38
X RERIE A I B, (HAA G IRR &S Bk &
B, R AT rh 2 BRH2AK ] 19ubss S 3G/ 0 %
FIEFTEZGAL ] Fe5 b K420y & B, ix
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FAAEH3K27Tme3 Bk 9 TE AL T, H2AK119ubA B i
IR AR L. B — T, /N RN RE A
H2AK119ub 2 7E4E K%Y (germinal vesicle break-
down, GVBD)A &A KA T I, F4F 1408 L.
H, TEREERIZ RUMUSPI6N T Kz R
FLBFUSP16 A9 RER B R T3 H2 AK 119ub e Bl - (1) 5
WY, BRI T . K55, USP16HRA IR i H
MZGA ST A /N IR DL ERIFgE R,
/NG P H2AK 1 19ub T G 2%t ZGA Y IE & ik
ITZRCHEL
5/NRAE], NZGAIH R % 4 H3K2Tme3 4 4%
%, TESAN IR A T LA I AR BIH3K27me3™. 522 4
XIRE, N DREEA A ZGART G AR IEPRC2AZ L
414y EEDFISUZ12"Y, MHRTHE, A\ ZEFRIIRIEHXISTA
PSSR S R PR AR A 53, I HLXYL AR i R AR R L A
LR AN H3K27me3 /5 XYL (8 A E1 0 46 1% 3R
G BB P IEE F).
H3K9me3J&—Fhim il P4l 2 i, F2 e
21 J. 750 S 4 £, )5 (constitutive  heterochromatin)*. £/
U, 2 ZGAREH (N Zscand)7EM 11 BREE4H i rh BoA
K ATH3K 9me3, {HAESZ A 5 BV gz, DA T7E
A IO 3k ZGA K A BTH3K9me3 i AL 2 1] fE
EZGAFEHEC ARNAR GG T (pol  11)TiAL & 11
BUF A SRR SRR A, a9l s, K
H3K9me3 7t & % K A i & &2 J¥ 5 (long terminal re-
peated, LTR)XIHAHIH, FELTRACIHEH FA
PRI R RTIRNG Th H3K 9me3 b FAAE AT, Al A
JEH3KOme3 B HiE . 3205 Ja H3K9me3 (IR 2 M 242
W R AR A A M (somatic  cell nuclear transfer,
SCNTMJIEH, FEZGAR A1 s 52 2 &, ] L
) FR ik e F AL Kdm4b/d) e %, 5 14 1A 20 i v s
L R lESuz39h 1/ 23 T ™™, e itk 4 v 25
B2 LML EKDMAA 2 T EH3K 9me3 1 57 B 2R, itk
SN ZG AR 32 PRI I e ) IE 4 UG, AR TE
WAFEFE®". 55—, Suz3ohI 1/ NEURG T
AR A 2 R T AU AL R e 0 5, S B IR7E St
WEZ R FET-, e R g DR TE S
VS0 T %) 200 B JER 3003 AR S, (AL AR (SR A
SETDB I 7E TR 7 24 gl BE, H3IKOme3Wi%lR. 7rde
R, WG 4 24 R B Wi M, SETDB 1K A1
H3K9me3 7K P[22 181 7+, 53 Rl st 2 43 fg 81 5
A F XY e A UM AEZGA K AT T



P A

H3K9me37KF-. H3K9me37EZ M i (IR v AE AT LASE
PR NG & B B AE R & B IR, 2
FERE S R B VS, BAh, X TRt R R R 15
ICC AR Az —.

1.3 HEAEK

HE AR R —HE ARG T et T 2R
JP5I . FRak el e o B AR 22 S 00t AR
FAS R RIZH 3R IR 2 5 Rl it fe)e ks
Yrrh, AFAAME TRV 2R R AR P H AR K, H
P A A AR S ) HVAS A 1 O B BRI . 7
St OTEE R NR , HIRBE A AR 335 ZGA
SO ) ke G I AR R B U . FE SR, = R
KA dBigH 178 A2 B ZGALRRT, RIGTE4R M fk it
L E ST B RS TR LIRS b, E gl
B 7S RH2A.Z S H3K 4me B B < 5 37 4% /IMA (pla-
ceholder nucleosomes) 7§ T DNAK AL X H. <
AR /N E B R G P BB W8 5 Bl 48 T R IR L R 4
FALE R, AR E R R FREAE G
A A N RDNAH FARIRE, BB SRk
PIZHAY) DNA HIEfLRR gt SR RS 758
T 2 RH2A. Z S BUR G 7E 4hp I . 75/ R
o, H2AZERFTHRE, MEEMIDNEEAIE. &1
A2 20 i e] B RS B, IR 240 IR AR TR T i
FHAHEO . SIRNARRH2A.Z AT 2508 /0 /N B AR R 4
TR, (UL ZGA Y,

TE/NEUE T AR IR, H2 AR AR R RE v i
EHAZ LR A, RS AH2 A X FITH2A K& H
TEGVIRRHMM RS TR/ IMEH ™. HH2A X5 5
4 Hh DN A 175 W % (DNA damage response,
DDR)'), BLEANRHA A AU H2.A XA {58 PR 2H 7 ple e
SRR R Y, KR Y H2 AL X BRI I H 1%
A E AL G YRR i, {2 EDDRAE T
Az G RH2A X BRI T ARSI A TR
T BRI R, LB B 22 i 5,

H33ME NI ARSF I H3 AR R Z —fFE TR 8+ 3t
DR A 00 00 23 s e v, 3 A T SRS P R AR
P Btz Ah, H3 3WPTRTES R . 25 22k e (05
FDTBRA o ST &, AR SR th i/
Ml T e T EREE ), AN BUS I R AN T,
H3. 3G VIIEAI AN & i) 2248k, JF2I Ik
2 oA, BITE IS MY (TR X A2 A A1,

—Fh ] BE A iR, H3.33 AR 2 K #fi (replication-
independent) i /7 B A B/ MAH, TTH3.1/H3.2L0 &
HIK A (replication-independent) 1 B AL AL T
B ST A DNA S il i BR-BE 40 i LAH3.3 ky 222
H3 7, S 20 ML 3 A5 5 o P 2 40 SR
LA Jy 2 AR, H3.3E IR B T IX ST ik
Yea i, BRI, 7SN LT BT AR R
B R E ORRE A0 M HR AR A 2 A3 R R T IR R R G
KESH3. HBNZGARTG, H33A B Wi, fEME L
SLH3 BT, BFSERW], H3TEH3 38R AT IR /3
AMEH33MIIAE, i DNAK ARy 30 4 3 e
o 1,

1.4 Jefo)fi—=4ishy

SN J i A st 1 2 €0 T v A A I R i
R TIARE. P BGAE A Rl b s B sy,
T AN G R LNV - LNV B I DN
KU e Jit = AESER AT 23 9 H4 D I I8 (topologically
associating domain, TAD). Y4t /fi¥f(loop)HIA/BIX =
(A/B compartment)®5 2K, TADSENHBE & HAE,
B 55N EARAR A — B e o B 2 X, A R
Yot i as SRR B IE . Loop KMk i ki
1 (cohesin) FICTCFH & JE UM FARZE 1Y, loopfi
DX 3 B A T A compartment i e (5
TR IR, SRR E AL SHEFRXEA X, B com-
partment X i e o 5B AT Xk, SEETEE . AR SR IX
A .

AEFEA 2 T o PR Y AU BT A5 R . e, /)
UM I DN BB P bR T TAD, ARG HE—FE
H3K27me3bRic DX BEAH DG/ . A ificohesinfr) F
MHEAER X, BFRA Zh Bk (polycomb  associat-
ing domain, PAD)". PADYIEM 5 I8 T H LB AR
S8 S S /N B NG T Hh 0 (0 5 25 R S A
PRAHARARLL, FTLARHIN S )12 (I TADSS . (H i i i
SEAR I, SRS R T RESZ B 1 AR 40 A ke 5 0 it g
Ry, KBRS, 720 BB REEE i K
METAD™ . JeAh, JTHEFT A kS T A 16
MZ|TAD, (BAFAEE KB I A EAE, J54 T RE
YL T B ORGSR g R R,
ZAE U240 i IR i P loop. TADFcompartment#iAR
59, A AR & Bt g s (&), BT AR

1528 T4 TADF compartment 7t 324 5 23728 15 151 BE A
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g, fEAKMART, TADIE I MCTCFIEZGAZHi
FER AR SRt T — AT RERRER. SR, TE/N
BRI RO SO TCRAE AN L & T W B e i 3%
ik NEIG A2 AR IR TAD, X —id A
R TZGA™; NI TESA LY IT 4 T H TAD, X —
PRI T ZGAWI Al FICTCFZ A0S 7. K1, CTCF
SO /NG 0T LLUE BRI B, I B RALIRES
WIS FIEARARZ I, X EPICTCRA IR
loop M TADZE /)N BV JiE B0 LA 248 ] 1) v o 2 S O
AT, FERWERG T, FYeE %08 1 1athet-
erochromatin protein la, HP1a)X}FB compartmentf
Sty FXRH L. ZGAKR AT, HPlafE e i L 4R
TREEAR, JTREE & B R E S, X nT LR A
12 7E R i L B G compartment4h AN ARG IR
&

AR, 7EmESCH 2B cohesin A fiff B % Yk L
ZGAFER A, AE A0 i 15 2B cohesin 232
PFSCNTR AR BEZGAH-H 1 & 7 oo™, st it
PR 5t Y G €5 T 45 44 T e AT B T4 0 S PR AT U
WAk, 8 i i Rk Kdm4dk L BRI G AT H3K 9me3, 7]
fE#FH3K9me3bric B TADIYIH %, T2 2 SCNTIRNG Y
KRBT, X 0T Be S i RO IG5 10 Zscand
SEBREGTY . SRR B A S (5 B = RS R R S RETI R AT
Frift—2AH 5T

DNAZK ill HAT 155 BE A2 0 200 JH 5 S B () L),
PR N & il (replication timing, RT). & il P 51X
WG ACIRAS, JUHE = L Rl 25/ DA O, 1
HoRUL, DNARHAE Hl X3 5A compartmenttHXT 1,
07 6 00 2 2 DX e 5 4% 2T )2 A 56 33 (lamina-associated do-
main, LAD)FIB compartmentfH Xt *>**. 7E240 i 11>
HIE, /UG JE R 4 B e e vy 1 -1 52 o DX 3l R e 1
S DX 3k, EL GRS T 2 1 25 S N B . 2RSS v, AL
FEATE R0 A S I P AR 25 5, ITAE SA LI 5 14
T —2, X AT BE RIS REARSE PR 4 AN [R] 9 41 8 1 A8 1
A BN A dn i, IIREZR L B PR CAB A YRR
Yo, oA HAT SR Y e 1 5 T XBRREAE, (RN Ty
TR H. AR, /B S DR 41 1
TR A A i DB 2 S i 2, 5 IRl 2 AR A/B
compartment/% iAW A1, TEZGAWIN], RNAKS
fifg 1 7EDNA L 19 78 5 Fe sk R A AT B TR ORRT 43
AR UERRTE. R0 A2 ] X3 b R AR X kBT 25 ) &
A-DNAWIL, {75010 5 il DX Bl ) BE R e & b fd v
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HA TR RAER, Xl gt
B AR .

S0 A 1F T R R

2 ZGAHY{ERNAK I )i

2.1 mRNAFREEEE

58 44 K BT BP B 40 ML (full-grown  oocytes,
FGOs)& it AL RUTERRE, HBIZHEZGAK LR
SN A el T OE . e B ST I, B
PR E £ CHEEMIEN. HC M (cyclohexi-
mide, CHX)#il/IN B OP ] 20 M sl PR IG (Y e 2>
o™ 0 & F . FHCHXAR B/ a2 1 4 i
Ji4 VB S ZG AR R mRN A ™ 8224510, s
ZER N T RN TZGAR E EE. 7R/ NR OBk
b, KEEmRNA B BJREC S4K 5 J5 A ST R,
FZ A AE 2 5 i s e e X s s
AYRNAIE # B A RIRMRNA (dormant mRNA). v F
3R IR X (3-UTR) HY 4 i 51 22 R i R Ak oo (eyto-
plasmic polyadenylation elements, CPEs)7E/RKIRmRNA
B IR P R B BE . CPESS & HE H 1(CPE
binding protein 1, CPEB1)7] LI 5CPE4S 4, £ FGOsH
fE i poly(A) IR H b, SECRHPEII . 7rmmiglsr2d
Wi e h, CPEBIIR ML, MR ILIICPEBIRENS(E
Hpoly(A) BB AL AB RIS, e/ Nl b, CPEBI
SO A BT T Y. CPES 2RI LIE S
(polyadenylation signals, PAS)BEMEHEJE 1T mRNA
poly(A) K EHE M EIE. poly(A) XA mRNA
T EEMEIRSCRE T EDY, 12 YRR ER 11
i (oocyte-to-embryo transition, OET)id#E ik
PEAEFTY. BET {01 miR-430 EEE Hpoly(A) BB
FRALH LB IEMRNATE RS, BED fa L T AN LY
HIEAG T, TUT4/TUT7HEE Epoly(A) B FImRNA L
A A R AR B mRN AT B BT 0 7 19, /N
SROPEEANA Y, FER FABTG4mi CNOTOL (B AR 1L
A YICCRA-NOT I KA 41 Bk T3 BHE mRNA 1
2 ORI IR 2 7 i),

2.2 RNAf&H

NC- L 104 (m  A) & FLAZ AR I mRNA Y = A
BB, IIZS ST RNAMKGE . His. R
DA R B R, BN ERL T R AERIRIE R B &
PFEEEREEAE . ZEIEAREh, Z40%TEZ



P A

K S5 W A B B R mRNA B S mC A . BSRRNA At
LRSI 4y Kiaa429% | GV P BF 20 i m® A 7K T 51 p
1, B AEmC AR A SRt R, KW m AYE
Frop kA s B ARNA R R E Y. mC AR Y
A EmiRNAREAR,  EomC A i BRI S AR L
m° A ZGARE FEAS HE 1) T BEmiRN AL & -9 1
U IEZGAIN], 2950%F0%E A Em A, By
B SEPERE AR N Zscand BAT B 5 A m A KR 010,
THIRNA F 35 BEMETTL3 0] 5 5 f (R 54 s A m A
K, FEE R 2~4 20 1R H ZE R RN AR TE R T
RelO21050 R METTL3 AN S 0240 44 A K, (H
S A AR BORNA T T AR, R WIm AR BE T
2~ AN N R S s A 10 R A e )
IR Q2C-like cel)d, m ABFICIRIRE 4 TH B e
PERE A, MIHIMETTL3 Fim® AU 1 IGF2BP2 fig
% B EFERZE 24N IPIRASRIE IR S 240
AN, AL, mO AT S T A T S e
FIIRNA, Q1 5A-EE4H A H 8 MTA% 812 40 H 3 R 5
FIRMIMERVLESFE T, mC AT REXT i 3% 7 s T 1 1
R A E AR

2.3 RNAHI$%

BY AR 1 TTmRNA B 12 AL Ko F A%
EAEAE. Barrprse R, RGO AL EHEE
HEE SRR . SEARAIZEN FEAERVNE, %
PEPE ST AR5 ZGARY & A 1S e R RO, g
e [7) I A T-REJR T B TG4, DL K FRRZGAZ A ™
PO PR R DL A AT Th e TC I BE R A,
TS B0 IG5 L R i B B e Fesk ™. 18
/IN BRI IR i AT o G B B89 42 7 SF3B 1 - BU IR 78
2~ AL IR, TR T, 2R AR
ZGARTHRREAR, P WIIRAG h By 438 /> T e 22
ST g2 AZKESC(ESC)FIZN FRESC(mESC)H,
T B R 2 FRZGAWIE FRA 1 AR tbnk
LK, WNZscand, I TFIHZREMAREILH, WNPousSFIFN
Sox 2" S S BT B N - SF3BL, AT LI S
hESCHImESCH% 4%y 4= g M4 U 4 BR A 41 il (totipotent
blastomere-like cell, TBLC)"' """ DL |45 L0, FLi]
G H BT AN 2 5 T & B RN RS 26
PEEEAS . YRGS B P RS ZG AL K ML) i A
TS, MR Z e, ZGA R B F23A 4 Rl JL PR
WA, BHNE TR Hil, — TR R

Je, BUFRAIE 2 BT Z M BT, A2 R
RIEH IR E, T 2 REMEAR LR A2 IRAR/ .

3 HETHZGA

TE R % 7 L300 [ B o 2 B DA 14 R B 38K
%" MERVL(murine endogenous retrovirus-L, B I
MG G RE-L) e — Pl N IR I SR T, BT
WA RE R bR 2 —"". /A, MERVL
TE240 i B B DUXFOBOX4 LA TT 4% 1 75 2 3800 55
M IR A A2 o TR ) Obox 45 Dux
RS A AT B /N, T TR R R Obox4/ Dux ) £ i
S AR T AR R B HIMERVL : 3¢
24 it B A S R DR S R MR L~ 240 i B R R
O] Bt S0 MERVLIGHE AR AT L 10 e A5 e
05 =SSR T X AT K . [R)sE, MERVL
FILTRFE B AT A S I 201 1 300 R i i 25k,
TE/N UG P R MERV LS 35 & 31 8 14 5 5% 7K
Y G RN WA AT RS A K
JE4IBRNA(long non-coding RNA, IncRNA)!'. S
SR, IREEZGAT A I IncRNA [ S b v 5 )
Bl & &MERVL! ! MIHIMERVL 2 T i fHE 9
IncRNAZRE, [HXFF 25 1 5 g i 5L PR 323k I 52 i) A i
200 B MERVLIHE (U IncRNASHE IR R F, 42
JNMERVLA S UCE ZG AR H] A Inc RN A AR 3T 7] fig
ZHRIEGEE

KA TT4 1 (long interspersed nuclear element-1,
LINE- 1) FLsh ¥y i 4 5 Wi i i 1, EZGA
R A EEAEH. BN RS, dEe
BARIR Y LINE- 10 52 e 2 40 ) 2 15 e o o de w20,
FESZHEG J5 T B LINE- 1% 5525 B A% 240 B 39 1 2
R, THZGAFER PG, SE40 iy fH
VU200 2200 L ) 45 TR P R 0 LINE- 123 B A 840
Ja gt T S R AL, SEURIA R B Jm Y R,
LINE- L SEA AT LUAE A% S 2848 55 NucleolinfilKap 1
HEH, MEIEDNARESE, M6 Dux ik, YEimishd24n iy
Sk FEESCHIMHILINE- 135 24> 240 145
SRR T E, RBALINE- D240 iR i
FEMEAY 2, LINE- 1M TFZGARA £ 2RI
L.

4 ZGAMXEFRHT
15 ST TR T X ZG A 3 25 0 BT S £ €. TR
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KHZGARE T BT EW LR3I B
Je, XUHE SR T IEZGAPIHR I S Rk K-
AR, R SR B SR K ] BETE DR - IR iR
#(oocytes-to-embryo transition, OET)[a]Z: ) /K
P L YR, SR SR R T RESS B ZGA BN S B
F R TP SN UG ZGA. 26 =, B/bixsefk St K+
2 PEURIIRNG & & 5 U L ZGABE R Rk i e 4.
X HIRATEES TR R (LGSR BES A, /R
FNZE) i 45 ZG ABE DR 2 30K 18 DB s DR 1 HG v
TERY L.

4.1 i

TEARME D, IREZGAR IR 25y 54558~ 13 )51,
FEZGAM e 14 fEZGAEFEh, Yen
JEFF R X 0w A WIRI T 51 “CAGGTAG” K%
AR, BiFR A TAGteam s 551", LI K GARFH. TAG-
team S s AT/ 3G9 -, 5 SCH G SR U0 N 1 AneEdg
B ZIAG 4, SRR L R e 21, z1dd
SEARTENSEFNINFH m R R, HEAEZ RS 1 hATF
WEHIE, X2 TPan GuidBEwEiR LG AN BEXT BN
I FBRATHAT VRS, ZIdABETFGEIE" . 15
ZGAJABIZHI, ZLDE&AVEREEHTE5E T KREM
IR, 4R R iR s Zz1dBske
SFECRRMR B EN AT R, IFREKE
ZGAFE R T, Hrp80% A T IMZGAEH i
BT F X IR A A TAGteamfir 5. GAFHI T L 5
5 AN A BE VR 5 5 P CLAMP RIGAF 45 & 11200
CLAMPHIGAFBENSHE 55 Y (0 Jo ¥ R B G ZGA
FEPIUPT CLAMPER K (54 I TG 7 I8 3 1) 40
4 57ZLDBVRRYEN —E"Y. CLAMP{E#EZLDTE X
IR F LSO, SZLDZS A MZGAREH EK B
H—EWES, HOARARE"Y, EERBEE,
ZLDX G AR s P B GAF ),

4.2 BrLfh

B NZGAE H K AETEZAE IR 213 h, =IFInIE
JRTEREmRNA 4T 19" 7EZGA RS 2T,
PiEE S FNanog. Pou5f3 (MLFR PouSf1)HISox19b( X
FRSoxB 1 KR 53 ) BIPE/K -2, X shZGA R
miR-430 4% S HEEEmRN A A dE 4 A0 ga
2). fEBEE i, RifikNanog. PouSf3F1Sox19b4: 55
T5%MZGAIE R e ik, MG R TE S i e 2 w0,
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Hrh, Nanog A IMEH. FEIREZGA K AT, Na-
noghE4E & HrP 74% K B ZGAKEIN,  Pousf3MISox19b
2EE2540%MFEH,  HmiR-4305NanogH fi H 145
&, HEEGHF HCATTT/GI[T/GICA". [, HHF
3R ~Nanog PouSf3F1Sox19b ="K fiBF (triple
knock out, TKO)HAE 4 37% NZGAIEHF A T,
RGP 2R 54 h, BDSEIR o sRIB B 1
TKORIIRAGH, XL PR IE R (1) )5 317 135 R 44 X 5
FRNARAHHIRNA Pol Ik, EIGRIE ST EAY
H3K4me3 #1 H3K27acl) K ER3E# + I AYH3K4mel
Al H3K27ac kit /L. Hirfr, Sox 196X FHRZE4E N 2
P4 B2 it p3 00 FN2H 25 11 £ BE AL i Brd4 25 5% 1 A1 5
T bR TR0 SR, p300FTBrd4 s 70 Ak B
I LA BRI AS S ZG A 18] 5 €0 5 FF il 4
FE RSP KR,

43 /P

/NI R IG & B il A, IREZGAHBLTEL
20 A B 2 20 AR, T R B ZG A R 240 L A
A2 DUX(TE A ZE P FR I DUXA) & — R 7E i £ 5L
shy v A AE ) XL R] R 25 44 48 (homeodomain ) % 5%
-, 7EESHIA it 3635 DuxRETE S 7 A 2 4 U FEES 2
s, DUXHEINE W] M ZGAR: 7, pUXiE
FAER B ZGAI [R5 kI REE7F £ ZZGART I
T —LE L SR, Duxii b/ N BT 16.9% 0 2 ZGA
FEPZFN 0, RPN R AES TS B AR e
ESANMH, 33235/ B Dux sl s N\ B DUX4BERLS
REZWEZGAREN, N Zscand Zfp3524%. DUXIARESS
B RN FL L N 1 b, N i i F ERVL/HERVL
FIERVL-MaLR!"**"Y DUXBL#EDUXZ ik 545 5tk
ik ADUXZE G XK, 5253 U TRIMB &%
A 53 TRIM24FITRIM33AH AR, # BIEAGIR HDUX
-S40 4 RE PR 240 DUXBLER 2
2 BRI AR FFEEFRIR, DuxblFi R RG h
Zscand Zfp352. MERVLEYFIL [, WRIGBHAR7E440
M e ZHi. A, OBOXZKEH: sk A+ J& T-PRD-likelr]
P8 SVE R 5% [ F-(PRD-like homeobox TFs), 7E 50T~ Hl
W E RN, BN TDNAZS &I FEZGA LA
W 2h T b e 4510 N B B R U R R 1Y
Obox1/2/5/ 7RG T 223k 1 Obox 31458 2~A 40 i I BHL
32% IR EZGASE [ (WIMERVL) F148% M = EZGA KL
B (U Dppa2 FINr5a2) BT 2332 ) T >, X fl



P A

i BRRFT TAER RLRE REEDIGARRTIRIBN
. RETEER
Pou5f3 BRAS 5%3&@%@
MO Triple mzKO: FEAREER
(Danio retis) Sox19b  EHRATF  spherelyHA(4hpfBays pottlyecxit
(Miao et al.,2022) 9
mzTKO
Nanog BRAS 4npr
mzKO:
FOMEFRIAEARIFRYS ; AARE
DUX WRBIGA  BEHY, BIHEBLONTETIEN2/3  DuxmzKO
(Guo et al., 2019; 2C
Bonsnakovski et al., 2021)
zKO:
N HINEFR2-4LBRRRAMETS ; KARE  puxbl zKO
7GA p ’ UXol Z| ~ 395]
DUXBL  ERION  wipr @@ 2¢
(Vega-Sendino et al., 2024)
KD:
NFYA  ©RES  RIEREIEH Mo
INE, (Lu et al., 2016)
(Mus musculus) KD/mzKO:
3 SRR HRREE Nr5a2 KD
NRSA2 BRES (Gassler et al., 2022; Lai et al., 2C

2023, Festuccia et al.,2023)

OBOX1/2/57 HRRF  .ko0-

2-44BRARARRE, FEEHE SogiE
(Jietal., 2023)

OBOX3/4  JREIGA

mKO:
RONEFL)— L ARBATE 24BRRHARR Y.
KLF17  SRET OBHRERLERWENE: £ KLF17mKo

RRBLI1/260\FREHAE 2
(Hu et al., 2024)
KD:
DUX4  REZZGA  SAEAREARIFEH b U)a(éKD 38
(Liu et al., 2023)
A

(Homo sapiens) TPRXL BRES «p.

045 S4B EAE S Ly

TPRX12  WwEzen  (fouetal, 2022)

B2 o, M. ATEEMZGARSRIE T KRR TR X ZGAR H LSS IR A sk K 1 MO RIAE R R RBIFIGAZ K
ZGAFEHFGRIFOL. W T RAKNZGATEN FL AL, 7RI b HE G IR FRIA T A EE R0, 1 O3RR KK BRI, 2R
M2, AR SO E SUNZGATERAEAE 25, A RIS SCHS5 R AT R J0TE B4% 4. mKOBHERKFR, maternal KO): A R4l 558514,
RAA RARE; ZKO(G T milk, zygotic KO): BEAC AR 2R, FHMAIA 28781, mzKOBHIEA T #iF, maternal zygotic KO): A 4558
IR, PO TAE A

Figure 2 Key ZGA Transcription Factors in Zebrafish, Mice, and Humans. The table displays transcription factors that significantly impact ZGA
across different species, along with their expression types, mutant phenotypes, and ZGA gene expression in mutants. For the gene expression in mutants,
a pie chart uses blue to indicate genes with downregulated expression, and orange for genes with upregulated expression. It is important to note that the
definition of ZGA genes varies across different studies, so results from different papers might not be directly comparable. mKO (maternal KO): the
mother is a homozygous mutant, and the offspring are heterozygous mutants. zKO (zygotic KO): the mother is a heterozygous mutant, the offspring are
homozygous mutants. mzKO (maternal zygotic KO): the mother is a homozygous mutant, and the offspring are homozygous mutants

K E B AZGAKEN FIR3Z IR AT LB ek BT FOFRSERNA pol TDRZAEDIRE™. 76
B Obox1/2/5/ 75804 F Obox 3K 15 %L, £WIOBOXK K  ZGAid#EH, OBOXAENS AT HiTific Epol 11, FKipol
BN TZGAR X EE, HEAMRMMPIIEETURME. IHRERNEFRZGARERE ' 7EIRIA BT dedn i,
OBOXAEWAE A EZGAIEN (IS 8 T-FUISTR T 1, #  Obox1/3/6i ik £ B0H ZGAREN . 16/ ESZH i
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Hit 3k Obox T LIOE ZGA K MIMERVL! YT,
OBOXFIDUXZE A 1 ZGATE H J5 TR T- 45 w] FL
HA, OBOX[R] At 53 a2 Yk BN T 2EZGASE N 1) 3K,
T DUXI 32 B0 Yk B Z GAIL A 216040 (A5 2%
(92, Obox4/Dux X2 SN & B s, ix %
HOBOX4MIDUXH] REFEMNNG & & R FIFEH.

R EEBR K 725 FEO%INZGAFE R KB T, 44
i 50% IR IR 24N O SIBE A, i /8B IR RERS 1E &
B RN BERR B, Kif1 78R S B ZGASE R 3k T
TEAR KARERE |5 Obox bR G 618 TR ZGASL N &
B, XN FEERRCGEH RN, MASESAH 5
fUAE T BEARECGE RMZGAFEN, X /RKLF170]
RERERL AT B AMIRCG & A i CG i i ZGASE
R 2k, BRI 7 TDP-430] LIS Bipol 1I{EZGAJLH
g, RGN B IG BE E24 I, fERE23.7%
ZGASE N FR A B2 R 5 I FNRSA2E
ZGAWH R 2eik, lafb 25 0 i 550 Ak B S A 72 % 1)
ZGARLAZ 5 m ) NrSa2 il sk ik S B3O G &
B AR B, X ZGA KL F ik mi N,
I4h, NYFA. YAP1. RARG. DPPA2HIDPPA45ZGA
FH5E, HHDPPA2FIDPPAATE 240 I FEES A g % 7
HEEMZGATHERF, (HJEKD FMKOLEAE &1
X TZGAFIANMII 2 5 1 % B I A2z mt™),

44 Nk

TENESHME, 53 FIADUXARE ST 84 LR
ATFRFHENMELR, HF7ESHMMEESH
O e K BRI, DUX4BIIRBIFSI7E
ZGARENM A B+ L a4, (HRERDUX4 H A ZGAT™
At vk, DUXA, DUXBSDUXAR S T
DUXZ %, £ NI A 5RiK, J& TPRD-likelr]
Wi SRR SR T 5. 72293 TR, 45 DUXASE A0 45,
FIFER R, 2970%R03E D DUXA%E S 5 ARt 4y
ADUXAMFEN, TE AN Rk DUXAZ N
HIDUXARE [ 3 [ (19 36k, DUXABEIS I 1 C- A 47
5£P300/CBPHIMEDI1S, #Efi#A5EH3K2 7ac, fiE it #EE H
ZSCANAI 0% PRD-like R 57 5 P 7
(PAIRED-like homeobox transcription factors)7E A4
RRG Ik, o SR I T RENS & AR ZGAFEF I 3h
TR TPRX BN A SR IR R IE(8C-like cell)
Rzt PRD - like [ LS 1k 5 sk R T
TPRXL. TPRXIMTPRX27EZGAR i A & BIF/KF,
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TPRX1/2 o TPRXL i FEL15%~21%M) F %
ZGAFEZ RN, i TPRX1/2/L =/ FE A [F] il sk 25
SEG1%M FEZGAFLF Z 520, RGBT TE4~9 4
M, IR ENTATREAAAEIREICAR”. TPRX1/2/L=
B Z A VIR ZGAE R F 3R LA 75 ZE B IR A
95, S —J7TH, ANKZGAEH MRS 3 F X & Alu
TR HEGA B £ R AluKEE, EEAJLT)H,
PRD-like [l i 5 VL5 sk I 1 450TX2, LEUTX,
TPRX1, TPRX2HIDPRX, feMEL: G 2k F I
FAFIEN IR, BRI, 6 A 4R b
ROCT42: S 5025%MZGAREH Fs T (HE WA
il & I PROCT4 2 )5, WRIRTER M A &2 852
Wi, P A JOHETE BBE IR HL B = 33 25 /AL AH G 1) 4 5
PERER A sk, OCTARE (7E N84 s ] A
2l et AR OCTAM DI REA 75 3E— LA
5. AR, TEIEH IR IR, ZGARELR T8
SR, T HTOME I 1 ZG A T B T S AR R i L6,
PR TESA ML I AL Py PR FRIK I ZNF 675 FILSM X
ZGAH EEAEA.

5 ZGAWIMYEAN

XFFTEE N A g T L
iR ER TR TE B, ARG vh AR 1 gl AR Ak
S S TR SR AUMBIRA. e/ NRR, Fs A S B
TEZGARTG &4 T RIZAR L, H2MNFGOR 841 ig i
EEAMFEEBFGOMAME M S F 5 H
(%1 FGOM R AR 11 BT 28 o e R e 4 3 9 I,
BV R ;P2 St A A SRS v ) — I
B SR 2 RNVER 1 B AL AE D06 B BOMH SGPEARAIR, (HBEE &
R B TS st B B 1 R4 RO
FETE RGPt B L . AT B H AR
TR S R - S B AR Tk oA — SR BR T, A
DAER E X — R A 0 R AR A

6 ZGASUH

SIS AR ES, NE SRS 2
F IR B i 1045 9 %) AT D2 AR 2L R A A e a2 e IS
ol e ARG R, TR AT VR,
X TG FE 240 ML LUJS 9 & & LA R ZG AT 2%
FE U R I A AL, (R
TNRERRG, MR 2B 240, 2 0E, =%
FRIE ¥ (tricarboxylic acid cycle, TCA cycle)FH S HHE



P A

i AAIAZ, XL TR K ZGA R e F B,
{51 43 1 R R 5 AR A 7 A 1 4 A% I TC ATIG 2R = ) o
il 1% —FR (0-ketoglutaric acid, o-KG)J&=2H 45 25 H 31k
Pz et /N2, H3K4me3bRic S pi &
2 B EFK DMS A FIKDMSBEER, T a-KGAZix %
R R B U FE TN IR BB SR VR N o
KGREASHE R AR i % B A ) B T X4 i
FAbRyEm, /N EWIRIG T, o-KGiEidJ# T DNA
2 R R TET AL 15 4 FIDNA F 3L A8 i Dnmt 3a
(235K, BONShmC/SmCHY LA, WA (e k5 A
A AT ) 22 B e AR T4 rp, B no-
KG2: [ DNMT3BRIF i Il £ 161 434617, {H 2
X FZGARIFE i AR AR, teoh, 1R RRiafE
M I 4R B RS Bk E 2 G AR
NAD i it 5 SIRT1 A E LR K H 2Bk,
ZGAIR AT iy, 7E KRR, *hFENAD fE

HESZ RS IH3K 2 Tack 1%, A M THAMM LT, 75
WELsh D, FLEE A H3K8FURHL A Y FEZGARY
BOEUY NERVNEY EEZGA R LR, R
AR T SRR, LR A HBK I 8FLR b 1
KEBZGARER B a3 7 Xl g 42 HmikFLER i
AR 2 FEOG & B i 24, 2 ZGAT
AT RL S H3K  8ackt 2%, AT LIGHE £ U IS4 g A
ol FARHIK SRRk, X SLEHE 2, 1R
HEZGARA Wi E E LN, R AbisEssh, 4
SRR A FEK (5% O,) KA A K
(20% Oy}, RINZREMIMIG S B K B LR B
R A SR AR S IR EZGA, SR 293007
FHEZGARENFEIL T, 2408008 E RIRNA T

W, LU SR HIF- 1A% @ Rl 2917%00 £
FZGAREH FAFFEHIF-10f945 A 005, FAHIF- 10455
PEIHIFIAN IS, HIF-1080 [ (U ZGAILF % A 5 s34
UL B o AR ) L B o AR
0O SRR B, A T A 2 HIF-
1HIIZGA.

7 R

I RILTAk, BATS TR RS — A RF
F——ZGAMPRAF IS TR, ARRZA T, 38
MRS T RS G E AWMl ZGA Bl 1T
YL TR, B S5 PR (TFs) An{a) S0 e S A
PIIFJa MU SR G ik, DL AERNAK X ZGA
HEATHOTRAE. K1,  SZGAREmF £ G s B G
eI, flin, A7 PR A I ZG ARG SR F M FRE &
B2 ZGAWI ]2 W5t % K R i DR 28 SO %
(cross-talk)Z/EFEIATIN? I AZGAFE S T3k
T FIAE F AL A A A e S AR R Fh R) & AE
Ko B Toi 5 S F 2Z A BRI e G
R WP R ZRE b ) T ZGAR & A2 55—
T, FEAHR BREAS S R IR T 2 10 5 RS fIRREAR
Tt (low-input) 548 JL I 5 45 A A O Ak 0T 2R ok g B 0T i
JERFSE T EE. [, #57AE RSN ZGABRIAT
BT e RREAS TR Sl O XERS. AT, /N B 2240 40 40
(2C-like cell)E HEIF X TAFSEIREEZGA W ELM1H,
B E 2 ZGAMMF AR b = A 5 B RS MEE R, ST
XL AR AN LK AT Bl F AT KRR AE £k 20 BT F st A%
g, B AR R 5 ZG AR FUE YA 56 BBl 2F

[ .

it RAELBREXRAEE. YHAK, IHE. RELERERSARPREGZLAFY. HEEAR, AERREHE
WM KA R, BATE R TR TR RR PR EE R THE. FHEHHMIE [T R i a5 R
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In all species studied so far, the zygotic genome undergoes a period of transcriptional silence after fertilization. Zygotic
genome activation (ZGA) is the first transcriptional event post-fertilization, marking the onset of the embryonic gene
expression program and the establishment of totipotency. Defects in ZGA usually severely impact embryonic development,
even leading to lethality. The exact timing of ZGA and the biological events during this period vary among species. Due to
the scarcity of early embryo materials, the mechanisms underlying ZGA have historically been difficult to elucidate. With
the rapid development of low-input and single-cell analysis technologies, our understanding of ZGA has significantly
advanced in recent years. Studies have revealed the dynamic landscapes of the epigenome, transcriptome, proteome, and
metabolome during ZGA. Activating chromatin modifications, such as H3K27ac and H3K4me3, and repressive chromatin
modifications, such as DNA methylation, H3K9me3, H3K27me3, and H2AK119ub, undergo dramatic reprogramming in
early mammalian embryos to accommodate active transcription during ZGA. Histone variants, such as H3.3 and H2A.Z,
also participate in gene regulation and epigenetic reprogramming in early development. The widely relaxed higher-order
chromatin structure following fertilization is a hallmark of early embryo, providing a unique environment for gene
expression. Multi-level RNA regulation, such as RNA modification, splicing regulation and translational regulation, plays
crucial roles in gene expression regulation. Transposable elements, such as MERVL and LINE, are massively activated
during early stages of mammalian embryonic development, influencing gene expression regulation and epigenetic
reprogramming. Key transcription factors, either deposited by oocytes or transcribed at the early phase of ZGA, function as
“specifiers” to drive the onset of ZGA by activating the expression of selected targets. Reprogramming of the proteome
also differs substantially from those of the transcriptome and translatome, suggesting extensive post-translational
regulation. Metabolites also influence ZGA by participating in epigenetic reprogramming, which is a fast-developing
research direction.

Despite the exciting progress in unveiling the molecular principles underlying ZGA, many critical questions regarding
ZGA remain unanswered. For example, what determines the timing of ZGA across species? How are some epigenetic
marks at specific sites retained during epigenetic reprogramming and inherited across generations? What are the upstream
factors that prime ZGA? How do epigenetic factors and transcription factors crosstalk during ZGA? Why have ZGA
transcription factors diverged significantly across species during evolution? On the other hand, the scarcity of samples is a
major obstacle in early embryo research. The development of low-input and single-cell analysis technologies remains
crucial for the field. The establishment of appropriate in vitro ZGA systems, such as 2C-like cells and 8C-like cells, is also
essential for dissecting the molecular circuitry governing ZGA. In this review, we will first summarize the current progress
in understanding the epigenetic reprogramming events during ZGA in different species. We will also review the key factors
controlling the timing and specificity of ZGA, and the multi-dimensional molecular reprogramming in ZGA. Finally, we
will discuss the key unresolved questions in the field of ZGA research that await answers.

zygotic genome activation (ZGA), epigenetics, transcription factor, embryonic development
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